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Abstract 


Lead intoxication in human being has been documented since the second century BC and 
its deleterious effects continue to be a major health hazard for the population, it is demonstrated 
that lead exposure might decrease the defense mechanism of the cell to the oxidative stress, and 
therefore, elevate the reactive oxygen species (ROS) generation which enhance vascular 
reactivity. Since vitamin E (Vit. E) and vitamin C (Vit. C) are natural antioxidants, changes in 
their status may reflect alterations in free radical production rate and their concentrations are 
biological markers of oxidative stress. This study was conducted to determine the relationship 
between maternal blood lead levels and the antioxidants Vit.E and Vit.C in a step to understand 
the mechanism of action of lead and its possible influence on maternal blood pressure and fetal 
growth at the lower community exposure levels. 

The study included, 42 patients with pregnancy induced hypertension (PIH) with or 
without proteinuria, 31 patients with fetal growth retardation (FGR) and 23 women with 
uncomplicated pregnancy. We demonstrated that, the maternal blood lead levels were 
significantly high in the PIH (30.5 +0.978 ug/dl) and FGR groups (28.87 +1.21 ug/dl) as 
compared with the uncomplicated pregnancy group (17.82 +110pug/dl) at P<0.001 Vit.E 
concentrations were significantly lower in both PIH and FGR (0.941 30.033 mg/dl and 0.866 + 
0.055 mg/dl respectively) when compared with normal group (2.000.085 mg/dl). Regarding 
Vit.C in the 2 studied groups there was significantly low levels in PIH group (0.772 0 
mg/dl and FGR (0.847 20.039 mg/dl) in comparison with control group (1.23 20.06 mg/dl). We 
observed significant negative correlation between maternal blood lead levels and Vit.E in PIH 
and FGR group. A significant negative correlation was also observed between maternal lead 
levels and Vit.C in both studied groups. 

We concluded that high blood lead levels in pregnancy are associated with low Vit.E , 
Vit.C, FGR and PIH. Such association or relationship could not be causal and more longitudinal 
studies are needed to confirm the link between lead, lipid peroxidation, antioxidants and 
pregnancy complications. This study may help in raising our consciousness of our environment 
and the need to protect us. The lack of effective and safe treatments for low-level intoxication 
has to promote environmental intervention to control different sources of lead to reduce lead 
burden among women and their newborns and to protect the fetus from other intrauterine toxic 
exposure that might be injurious. 





Introduction 


Women are exposed increasingly to a 
variety of chemicals; including heavy 
metals, in the work place and environment 
(Guillette and Guillette 1996 and Sharara 
et al, 1998). The chemicals may alter 
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normal cellular processes such as differe- 
ntiation, mitosis, meiosis, programmed cell 
death, migration, intracellular commun- 
ication, DNA repair, and mitochondrial 
dysfunction (Mattison, 1983). These 
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alterations could result in abnormal tissue 
gro-wth, function, or death. In pregnant 
women, the susceptibility of fetal tissues is 
determ-ined by stage of development of the 
embryo and the fetus and the duration or 
often the cumulative amount of exposure 
(Sharara et al., 1998). 

Lead is nonessential metal and a 
major environmental toxicant. Lead 
intoxication in human being has been 
documented since the second century B.C. 
(Perazella, 1996) and its deleterious effects 
continue to be a major health hazard for the 
population (Perazella, 1996 and 
Hernandez -Avila et al., 1997). Human 
and wildlife are exposed to lead in water, 
food, soil and air. In USA it is estimated 
that > 42 millions people are exposed 
excessively to lead through drinking water 
and that up to 5296 of residential homes 
contain unacceptable levels of lead in paint 
(Agency for Toxic Substances and Disease 
Registry 1993). In addition to the 
exogenous exposure to lead from the 
environment, millions of women in 
childbearing period have been exposed to 
excessive amount of lead as children, some 
of which is still stored in the skeleton 
because of the 10-30 years half life of lead 
in bone (Silbergeld, 1991). It is confirmed 
that lead mobilized from skeletal stores at 
an accelerated rate and contributes 
significantly to blood lead levels late in 
pregnancy. Increases of >20% during 
pregnancy have been detectable even in 
subjects with low blood lead levels. It is 
shown that 45% to 75% of blood lead in 
mothers of childbearing age comes from 
tissue stores. 

Resorption of the skeleton was 
probably the overriding mechanism for lead 
mobilization and is the most likely 
mechanism to explain the increase in blood 
lead levels during the second half of 
pregnancy (Gulson et al., 2002). 

Since there is no known maternal- 
fetal barrier to lead, it readily crosses the 
placenta and levels below 5 ug/dl were 
shown to cross the placenta to the fetus 
(Granziano et al., 1990). Furthermore, the 
levels of lead in cord blood are highly 
correlated with that in maternal blood. So 
maternal lead is a source of exposure to the 


developing fetus which may have an 
adverse effect on pregnancy outcomes and 
the factors influencing maternal blood lead 
levels also contribute to fetal lead burden 
(Goyer 1990 and Bellinger et al., 1991) 

Although the adverse effects on 
pregnancy outcomes at this levels of lead 
exposure in the work place has been recog- 
nized for years, there is uncertainty rega- 
rding the impact of exposure at the lower 
community exposure levels commonly 
encountered today. Lead has been linked to 
an increased risk of spontaneous abortion, 
miscarriage, fetal growth retardation (FGR) 
or preterm labor (Lindbohm et al.,1992 and 
Andrews, et al., 1994). 

The potential explanation for such 
apparent association is many and complex. 
It is unlikely that this is simply a chance 
association and it could not be explained 
solely by differing socioeconomic status 
(Recknor et al, 1997). Lead inhibits 
enzymes, alter cellular calcium metabolism, 
stimulate synthesis of binding proteins in 
kidney, brain, and bone; and slow nerve 
conduction — (Lockitch, | 1993). | More 
recently, it was demonstrated that, lead 
exposure might decrease the defense 
mechanism of the cell to the oxidative 
stress and therefore elevate the reactive 
oxygen species (ROS) generation. 
Supplementation with vitamin E (Vit.E) 
and/or vitamin C (Vit.C) inhibits lead 
induced ROS generation (Hsu et al., 1998). 
ROS has been shown to stimulate vascular 
smooth muscle growth and proliferation 
and enhance vascular reactivity (Rao and 
Berk, 1992). Chronic exposure to low lead 
levels resulted in sustained hypertension in 
human and experimental animals, coupled 
with increased ROS generation (Vaziri et 
al., 1997 and Ding et al., 2003). 

Natural antioxidants, Vit.E 
(tochopherols), Vit.C (ascorbic acid) and 
beta-carotene possess a wide range of 
properties. Vit. E restores normal phago- 
cytic functions (Hill et al., 1993), and it is 
efficacious in glutathione synthetase 
deficient patients (Boxer, et a., 1979). 
Vitamin E may reduce corticosteroid levels 
induced by stress (Watson and Peiro, 1982) 
and together with vitamin C and A has been 
considered as a cancer preventing agent 
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(Watson & Leonard, 1986) as well as a free 
oxygen radical scavengers in several 
disease conditions characterized by raised 
oxidation processes (Rimm et al., 1993). 
Vit.E and Vit.C prevent lipid peroxidation, 
reduce platelet aggregation, modulate 
prostaglandin and leukotriene synthesis, 
and reduce inflammation (Enstrom et al., 
1992). Several epidemiologic trials suggest 
that populations with high intake of Vit.E. 
have a lower risk of vascular disease (Gey 
et al,2001). Since Vit.E and VitC are 
antioxidants, changes in their status may 
reflect alteration in free radical production 
rate and their concentrations, so they are 
good biological markers of oxidative stress 
(Watson, 1990). 

This study was conducted to 
determine the relationship between 
maternal blood lead levels and the 
antioxidants Vit.E and Vit.C in a step to 
understand the mechanism of action of lead 
and its influence on maternal blood 
pressure and fetal growth. 


Subjects And Methods: 


This study was conducted from 
October 1999 to October 2002 on 42 
patients with pregnancy-induced hypert- 
ension (PIH), 31 patients with fetal growth 
retardation (FGR) and 23 women with 
uncomplicated pregnancies. All groups had 
regular antenatal care and singleton 
pregnancy at El-Khoms general hospital. 

Information on social, biological and 
clinically relevant characteristics of each 
mother was obtained. We ascertained 
parity, gravidity, age, educational level, 
prepregnancy weight and current weight 
and height. Full clinical examination inclu- 
ding blood pressure and full obstetric 
examination. Gestational age (GA) of the 
participants was > 34 weeks. It was 
calculated from last menstrual period and 
confirmed by ultrasonography (U/S) done 
before 18 weeks of gestation. Most of them 
were of the same socioeconomic status and 
educational level. Subjects with diabetes, 
genital infection, +ve TORCH screen, 
urinary tract infection, sickle cell anemia, 
thalassemia, hemoglobin C, smokers, or 
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mothers with history or family history of 
malformed baby and /or malformed baby in 
current pregnancy were excluded. 

PIH was defined as blood pressure of > 
140/90 mmHg (in two occasions) with or 
without proteinuria after 20 weeks of 
pregnancy, preeclamptic toxemia (PET) 
was divided into mild if systolic blood 
pressure 140-155 mmHg and diastolic 90 to 
105 mmHg with proteinuria + 1 or + 2 and 
as severe if systolic blood pressure > 160 
mmHg and diastolic > 110 mmHg with 
proteinuria + 3. 

Fetal growth retardation was 
diagnosed clinically by uterine fundal level 
and serial abdominal U/S;  biparietal 
diameter (BPD), femur length (FL) and 
abdominal circumference (AC) were 
measured to calculate GA and fetal weight 
which compared to the previous findings. 


Biochemical measurements: 


Venous blood samples, without 
venous occlusion, were obtained from each 
subject in a fasting state between 9:00 and 
10: 00 AM was analyzed for blood counts, 
hemoglobin, urea, creatinine, albumin, uric 
acid and glucose. In addition TORCH 
screen, sickle cell test, hemoglobin 
electrophoresis, urine analysis and urine 
culture and high vaginal swab were done. 

Ascorbic acid assay was performed by 
spectrophotometer in the plasma obtained 
from heparinized blood within 1 hour of 
collection. Plasma was separated and 
stored at -80°C to be used for estimation of 
Vit.E. Alpha tochopherol concentration was 
assayed by high-performance liquid- 
chromatography, using a fluorescence 
detector (Huo et al., 1996). A simple 
monophasic extraction with water  - 
miscible solvent followed by the direct 
injection of an aliquot of the extract on the 
column has been used (Ohruvall et al., 
1993). 

For trace element determination, 
blood was anticoagulated with a trace- 
element-free heparin in polypropylene 
tubes, which were also free of trace 
elements. The whole blood was selected for 
analysis because most circulating lead is 
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carried in the erythrocytes (West et al., 
2004). All samples were analyzed for total 
lead concentrations using flameless atomic 
absorption spectrophotometry = (Perkin- 
Elmer model 503 with GA-2100 Heated 
Graphite Atomizer, Perkin-Elmer). 


Results: 


Ninety-six women were included in 
this study, 31 patients (32.29%) with FGR 
an 42 patients (43.75%) with PIH and 23 
women (23.29%) with uncomplicated 
pregnancy (control group). Results of the 
present study are prescribed in seven 
figures. Blood lead levels were observed to 
be significantly higher (mean +S.E.) in both 
FGR (28.87 +1.21 ug/dl) and PIH (30.50 
+0.978 g/dl) groups, compared to the 
control (17.82+1.10 ug/dl) Fig. (1). 


Blood Lead (g/dl) 
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On the other hand plasma Vit. E 
concentrations were significantly lower in 
both FGR and PIH groups (0.86+0.055 
mg/dl, and 0.94 +0.033 mg/dl) respectively 
when compared with control group 
(2.00+0.085 mg/dl) (Fig. 2). 

Regarding the levels of Vit.C, in the 
two studied groups, there was a significant 
decrease in FGR groups (0.84+0.39 mg/dl) 
and PIH (0.77+0.030 mg/dl) in comparison 
to control group (1.23 20.06 mg/dl) Fig. 

The study of the relation between 
maternal lead levels and Vit.E showed a 
significant negative correlation in FGR and 
PIH groups (Fig. 4 and 5), r = 0.361, 
P<0.001 for FGR and r= 0.523, P<0.001 for 
PIH ). 

Also a significant negative correlation 
was observed between maternal lead levels 


and Vit.C in both PGR and PIH (Fig. 6 and 
7),(¢ =0.303 px0.01 and r= 0.421 P <0.001, 
respectively). 





PIH Gr. 


Fig. (1) : Maternal blood level of lead in Control, FGR and 
PIH groups. 


# Significant change from the Control Gr. at p < 0.001 





48 


Ragab H. EL-Yamani & Ahmed E. Karim 





(ıp/6w) 3 





‘JA euisejd 


FGR Gr. 


Control Gr. 


Control, 


in 


E 


> 
G 
E 
e 
S 
[en 
—_ 
0 
* 
> 
o9 
G 
E 
e 
S 
o 
"m 
c 
د‎ 
0 
سا‎ 
& 
= 


Fig. (2) 
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Fig. (3) 
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# Significant change from the Control Gr. at p < 0.001 
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Fig. (4) : The correlation between maternal blood lead and 
maternal Vit. E in the FGR group 


# Significant correlation at p < 0.001 


#R= 0.523 
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Fig. (5) : The correlation between maternal blood lead and 
maternal Vit. E in the PIH group 





# Significant correlation at p « 0.001 
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plasma Vit. C (mg/dl) 





blood Lead (ug/dl) 


Fig. (6) : The correlation between maternal blood lead and 
maternal plasma Vit. C in the FGR group 


# Significant correlation at p < 0.05 
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Fig. (7) : The correlation between maternal blood lead and 
maternal plasma Vit. C in the PIH group 





# Significant correlation at p « 0.001 


Discussion: 

To our knowledge, this is the first 
study in pregnant women to determine the 
relationship between maternal blood lead 
and the natural antioxidants (Vit.E and 
Vit.C) and the hypertensive disorders in 
pregnancy. In this study it is observed that, 
blood lead levels of women with PIH was 
significantly higher than women with 
uncomplicated pregnancy (P< 0.001). 

While both Vit.E and Vit.C were 
significantly lower in PIH group with a 
significant inverse correlation between 
these antioxidants and maternal blood lead 
levels. In accordance with our finding, 
Bogden et al., (1995), demonstrated that, 
lead exposure in pregnant rats, resulted in 
hypertensive disorders during the 3rd 
trimester of pregnancy which is consistent 
with the timing of PIH in women that 
usually develops during the 3rd trimester 
and the timing of increased mobilization of 
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lead from maternal skeleton during the 
second half of pregnancy ( Gulson et al., 
1997). 

Toxic lipid peroxidation products may 
cause endothelial cell damage, which is 
believed to be a central feature in the 
pathogenesis of pregnancy induced hyperte- 
nsive disorders (Friedman et al., 1991). 
Lipid peroxidation assessed by the 
appearance of conjugated dienes and 
malondialdehyde was significantly incre- 
ased in the hypertensive patients as comp- 
ared with control patients. The products of 
lipid peroxidation have effect on the 
vascular function and showed correlation to 
the level of blood pressure (Uotila et al., 
2003). It is observed that increased level of 
lipid peroxides and reduced antioxidant 
status in the placenta and plasma clearly 
demonstrate the presence of oxidative stress 
in PET (Mutiu-Turkoglu et al., 1998). So 


Fetal Growth Retardation And Its Relationship....... 


an oxidant/antioxidant imbalance has been 
suggested among the pathogenic factors 
involved in PIH and Vit.E is one of the 
most important antioxidant body compo- 
nents. However, in cases with already 
established disease, Vit.E does not improve 
fetal outcome in severe PIH and it does not 
show favorable effect on maternal hyper- 
tension and proteinuria (Stratta et al., 
1994). 

It is demonstrated that, lead exposure 
might decrease the defense mechanism of 
the cell to the oxidative stress and 
significantly increases the  peroxidative 
reactions and therefore elevates ROS 
(Chaurasia and Kar, 1997 and Hsu et al., 
1998). Chronic exposure to low lead levels 
resulted in sustained hypertension in human 
and experimental animals, coupled with 
increased ROS production (Vaziri et al., 
1997 and Ding et al., 1998) .On the other 
hand, a defense system, consisting of 
antioxidative free radical scavenging 
molecules and enzymes, serves to control 
lipid peroxidation (Hubel et al., 1989). The 
administration of the potent antioxidant 
lazaroid abrogated the  lead-induced 
hypertension, so it is speculated that lead- 
induced hypertension may be caused by 
ROS, which enhance vascular reactivity 
(Vaziri et al., 1997). These data support our 
findings of significantly high maternal 
blood lead levels with concomitant 
significantly low Vit.E and Vit.C conce- 
ntration in-patients with PIH as compared 
with uncomplicated pregnancy group. The 
observed low Vit.E and Vit.C concentr- 
ations in patients with PIH could be 
explained by the exhausted antioxidative 
system caused by the associated high blood 
lead levels since the participants were 
homogeneous in term of socioeconomic 
status, more or less of the same educational 
level and all of them shared antenatal care 
programs. 

In this study we observed that, 
maternal blood lead levels of mothers with 
FGR was significantly higher than that in 
mothers with uncomplicated pregnancies 
(P< 0.001) coupled with significantly low 
concentrations of Vit.E and Vit.C. This is in 
accordance with prior studies in laboratory 
animals and children that suggested that 


lead might reduce linear growth and weight 
gain during development (Hammond et al., 
1993 and Bogden et al., 1995). 

Recknor et al., 1997 also observed a 
positive relationship between LBW and 
high maternal blood lead levels, while West 
et al., (1994) could not find a correlation 
between LBW and high blood lead levels 
except after elimination of subjects with 
genital infection from analysis and they 
explained these findings by the fact that 
genital infection increased the risk of LBW 
by deflecting available Vit.C in reducing 
lead toxicity in these women. 

Other studies (Kimmel et al., 2000) do 
not show an effect of lead on fetal weight. 
The differing results of the various studies 
could be explained at least in part by the 
difference in dietary calcium (Bogden et 
al., 1995). Vit.E and Vit.C and/or the non- 
exclusion of other factors influencing fetal 
growth (West et al., 1994). 

The lead-induced FGR could be 
explained by concomitant and significant 
low Vit.E and Vit.C in this group as 
compared to uncomplicated group (P< 
0.001). This is in accordance with the 
findings of Jiang and Shao (1994) who 
observed that serum level of Vit.E late in 
pregnancy with FGR is only half as that of 
controls and Vit.E concentrations in the 
mothers correlated positively to several 
indicators reflecting infant growth with 
multiple stepwise regression analysis. 
Furthermore Von-Mandach et al. (1993) 
demonstrated lower maternal levels of 
Vit.E and Vit.C in abnormal pregnancy 
including LBW. In addition, the increase in 
ROS generation as a result of high blood 
lead levels and low natural antioxidants 
(Vit.E and Vit.C), observed in this group, 
with its effect on vascular reactivity (Vaziri 
et al, 2002) may decrease the uteropl- 
acental blood flow and result in FGR. 
Richter et al. (1997) demonstrated 
significantly high lead levels and lysozyme 
values in placenta of LBW pregnancies as 
compared to the normal group which may 
indicate local effect of lead on the placenta 
of growth retarded fetuses. 

We conclude that, high lead levels in 
pregnancy are associated with low Vit.E 
and Vit.C and FGR and PIH. Such 
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association or relationship may not be 
causal and more studies are needed to 
determine more details to understand the 
mechanism of actions of lead and to 
confirm the link between lead, lipid 
peroxidation, antioxidants, and pregnancy 
complications. 

This study may help in raising our 
consciousness of our environment and the 
need to protect us. In the future, 
obstetrician, health care professionals and 
basic scientists need to work together to 
clarify the problem of lead exposure on the 
reproductive health of the mother with use 
of well-defined endpoints, larger sample 
size, and adequate methodology. 

The lack of effective and safe 
treatments for low-level intoxication has to 
promote environmental intervention to 
control different sources of lead to reduce 
lead burden among women and their 
newborns and to protect the fetus from 
other intrauterine toxic exposure that might 
be injurious. 
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تأخر نمو الجنين و العلاقة بين كل من مستوي الرصاص ومضادات 
الأكسدة و ارتفاع ضغط الدم في دم الأم الحامل 


رجب حسني اليمني* - احمد علي كريم** 
E EL gee T‏ العو ES RN‏ عر 


العظمي* و قسم الكيمياء الحيوية بالمركز القومي للبحوث- جمهورية مصر العربية** 


إن تسمم الإنسان بالرصاص صار معروفا و معترف به منذ القرن الثاني قبل الميلاد و 
تأثيراته الخطيرة مازالت مشكله صحية كبري للجماعات السكانية. و أصبح من المقرر أن التعرض 
للرصاص قد يقلل من دفاع الخلية ضد زيادة الأكسدة و بهذا يزيد توليد المواد المؤكسدة النشطة مما 
يزيد من نشاطاتها في الأوعية الدموية و حيث أن فيتامين هه و فيتامين ج من العوامل الطبيعية 
المضادة للأكسدة فان التغير في حالتهم قد يعكس اضطراب معدل إنتاج و تركيز الجزيء الحر و 
يعتبر علامة حيوية علي زيادة الأكسدة. هذا البحث تم لبيان العلاقة بين مستوى الرصاص في دم 
الأمهات الحوامل و فيتامين هه و ج كعوامل مضادة للأكسدة و ذلك كخطوة agil‏ نظام عمل 
الصا و cu‏ على el rae‏ كك ote OS oe‏ 
بدون زلال في البول و كذلك 31 من الاعات العو امل SOW‏ تعاني اکن مق pan‏ فى رتو 
داخل الرحم . و تشمل الدراسة أيضا 23 من الأمهات الحوامل ذوات الحمل الطبيعي بدون 
مضاعفات كمجموعة ضابطة . اتضح من الدراسة أن مستوي الرصاص في دم الأمهات كان 
مرتفعا بدرجة ملحوظة في الأمهات الحوامل المصابات بارتفاع ضغط الدم وكذلك في الأمهات 
اللاتي تأخر ; نمو أجنتهن بالمقارنة بالمجموعة الضابطة و لقد كان مستوي فيتامين هه منخفضا 
انخفاضا ملحوظا في المجموعة المصابة بارتفاع ضغط الدم و الأخرى المصابة بتأخر نمو الجنين 
علي التوالي مقارنة بالمجموعة الضابطة وأوضحت الدراسة أن هناك انخفاض ملحوظ في مستوي 
فيتامين ج في كل من المجموعتين المصابتين بارتفاع ضغط pall‏ و تأخر نمو الجنين و قد أوضح 
البحث أن هناك علاقة عكسية بين مستوي الرصاص في الدم ومستوي كل من فيتامين هه وفيتامين 
ج في المجموعتين محل الدراسة .إن مثل هذه العلاقة تتطلب أجراء بحوث مطورة لبيان العلاقة بين 
الرصاص و تأكسد الدهون ومضادات الأكسدة ومضاعفات الحمل و أن هذه الدراسة ترفع مستوي 
الإدراك فيما يختص بالبيئة و الحاجة إلى حماية أنفسنا من التلوث. إن النقص في وجود علاج مؤثر 
و آمن لخفض مستوى التلوث يتطلب التدخل لتنظيم مصادر التلوث بالرصاص لإنقاص مستواه في 
دم الأمهات الحوامل و الأطفال حديثي الولادة و لحماية الأجنة من المؤثرات السامة المختلفة التي 
قد تكون خطيرة.كما انه يمكن استخدام كلا من فيتامين ه, ج للحد من التسمم بالرصاص. 
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